The acid-base equilibrium of 1,10-phenanthroline (1,10-phen) in the presence of polyethylene glycol 400 (PEG-400, non-ionic) and tetrabutylammonium bromide (TBAB, ionic) micellar media has been studied by Calvin-Wilson titration technique at different mole fractions (0.5% -2.5%) of PEG-400 and TBAB micellar solutions at an ionic strength of 0.16 mol dm −3 NaCl and at a temperature of 298 K. The pH metric data were subjected to SCPHD program to obtain correction factor and K w which were given as initial inputs for MINIQUAD75 program to refine protonation constants. HySS program was then used to generate the species distribution diagrams versus pH using the results obtained from the MINIQUAD75 program and SIM run data. The difference in values of protonation constants in aqueous medium (logβ 1 = 4.93 & logβ 2 = 6.22) and in the micellar media (PEG-400, logβ 1 = 4.89 & logβ 2 = 5.91 and TBAB, logβ 1 = 4.84 & logβ 2 = 5.73) is attributed to different intrinsic solvent characteristics of micelles. In case of ionic surfactants, the electrostatic micellar surface is an additional contributing factor.
Introduction
1,10-phenanthroline (1,10-phen) is a neutral hetero cyclic bidentate ligand How to cite this paper: Assefa, A.G., Srinivasu, R., Shyamala, P. and Rao, G.N. (2018) Shift in pKa of 1,10-Phenanthroline in TBAB and PEG-400 Micellar Media: A the ability to solubilize a variety of compounds, polar to non-polar [5] . When a solute is incorporated into a micelle, equilibria like acid-base and metal ligand are affected due to a combination of electrostatic and micro environmental factors [6] - [14] . In order to study these changes in micellar systems, 1,10-phen has been taken as a probe in the presence of two surfactants of different nature, one non-ionic, polyethylene glycol 400 (PEG-400) and one ionic, tetrabutylammonium bromide (TBAB). The results are reported in this paper.
Materials and Methods

Materials
All solutions were made in doubly distilled water through which nitrogen gas was purged to expel dissolved gases (oxygen or carbon dioxide). All chemicals 
Methods
Potentiometric titrations were carried out using Metrohm 877 titrino plus au- ) solutions, it was equilibrated in a well stirred 0.5% PEG-400 water solution containing inert electrolyte.
Complete equilibration of the glass electrode was checked through titration of the strong acid with alkali at regular intervals prior to alkalimetric titrations.
Whenever the experiments were conducted in different percentage of surfactants, the electrodes were equilibrated in that particular surfactant percentage.
In 
Results and Discussion
Data Acquisition and Analysis
Calvin-Wilson titration technique as modified by Irving and Rossotti [16] was used for the determination of protonation constants in micellar media. After each addition of NaOH, the pH meter reading was recorded. The pH metric titration data for 1,10-phen in the two micellar media, TBAB and PEG-400 were obtained from origin 8.5 as shown in Figure 1 .
The effect of variations in the asymmetric potential, liquid junction potential, activity coefficient, sodium ion error and dissolved carbon dioxide on the response of glass electrode were accounted for in the form of correction factor and K w obtained from SCPHD [17] program, which was developed in this laboratory.
The correction factor and K w were used as initial estimates for MINIQUAD75
program [18] to determine the protonation constants of the ligand. Table 1 contains two protonation constants log K 1 and log K 2 corresponding to LH + and 2 2 LH + .
Protonation Constants
The acid-base equilibria of 1,10-phen in TBAB-and PEG-400-water mixtures (0.0% -2.5% v/v) were found to be in the pH range of 1.6 -7.0 and 1.48 -7.0, respectively. The best fit models containing the type of species and overall formation constants (logβ) along with some of the important statistical parameters are given in Table 2 .
Distribution Diagrams:
The species distribution plots ( Figure 2 ) were generated by giving the protonation constants from the best fit models (Table 2) as input in to HySS [22] , which show the existence of deliberately introducing errors in the influential parameters. The outcomes of a typical system (Table 3) show that the incorporated errors in the concentrations of alkali and mineral acid affect the protonation constants more than that of the ligand concentration.
Effect of Micelles:
Micelles are known to have an anisotropic water distribution within their structure. The water concentration decreases from the surface towards the core of the micelle which is totally hydrophobic. As a result, the microviscosity, mi- In the case of ionic surfactants where the head group is either positively or negatively charged in addition to this micro environmental factor, electrostatic effects also become an important parameter. There is an ion-pair formation between oppositely changed solute species and head group of surfactant [10] [11]
[12].
The effect of PEG-400, a non-ionic surfactant and TBAB, anionic surfactant on the acid base equilibria of 1,10-phen has been studied. Table 4 shows that the log K 1 value is much lower in TBAB compared to PEG-400 and aqueous medium. This is because the LH + form is destabilized more in the presence of TBAB compared to PEG-400, neutral surfactant due to electrostatic repulsions by cationic head group of the micelle. This facilitates the dissociation of LH + to L decreasing the corresponding protonation constant. In the case of PEG-400, this electrostatic effect is absent and polarity effect is the only factor which plays a major role. The dielectric constant of micellar phase is lower than that of water and so when 1,10-phen is solubilized, L form is more stabilized, the association equilibrium is shifted to the left and protonation constant decreases.
Further protonation leads to the formation of PEG-400 compared to water. In the case of TBAB, the 2 2 LH + form is less favorable and hence decreases the protonation constants. In the case of PEG-400, the surface charge effects are absent but due to lower dielectric constant compared to water, the LH + form is more preferred. This accounts for the lower formation constant. Both the log K 1 and log K 2 decrease with increase in percentage of TBAB while there is not much of variation in the case of PEG-400 ( Figure 3) . This is because of extra stabilization/destabilization of the charged species in the case of TBAB which is absent in PEG-400.
Conclusions
 In this study, successful determination of two log β values for 1,10-phenanthroline was possible at low pH using the Calvin-Wilson titration technique and MINIQUAD75 program.  1,10-phen exists as 2 2 
LH
+ at low pH and gets deprotonated with the formation of LH + and L with increasing pH of the titration mixture.
 Effect of systematic errors in the influential parameters shows that the errors in the concentrations of alkali and mineral acid were found to affect the protonation constants more than that of the ligand did.
 log β values of 1,10-phen in both the micellar media are found to be less than in water. They are much lower in the ionic micellar medium TBAB compared to those in PEG-400.
